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SECTION 16 
CLAMPER (D-C RESTORER) CIRCUITS 
PART A. ELECTRON-TUBE CIRCUITS 


DIODE CLAMPER. 

General, Viode ciampers, also referred to as d-c re- 
storers and baseline stabilizers, are used in electronic 
circuits to hold either amplitude extreme of a waveform to 
a given teference level. The name d-c restorer is some- 
what misleading in that the d-c component present in the 
output waveform has nothing to do with any d-c component 
that may be associated with the input waveform. The diode 
clamper circuit can be arranged to ‘‘clamp!’ either ampli- 
tude extreme and thereby permit the waveform to extend in 
only one direction from the reference level. Thus, the cir- 
cuit can be used to hold either the positive extreme or the 
negative extreme of a waveform to a desired reference- 
voltage level. 

Diode clampers which hold the positive extreme of the 
waveform to a desired reference level are called negative 
clampers because the entire waveform is shifted negatively 
with respect to the reference level; those which hold the 
negative extreme to a desired reference level are called 
positive clampers beccuse the entire waveform is shifted 
positively with respect to the reference level. 

The accompanying waveform illustration shows the var- 
iation of signal voltage with respect to a reference poten- 
tial without clamping and when negative and positive clamp- 
ing are used. 
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Signal-Voltage Variotion With Respect to a Reference 
Level 


R-C coupling is commonly used between stages; in this 
coupling method, the coupling capaciter also serves as a 
biocking capacitor, to keep any d-c potential that may be 
present from affecting the following stage. (The methad 
used to couple one stage to another were discussed in 
dection 2.) The varying component of the voltage appiied 
to the RC coupling network is transmitted to the tollowing 
stage as a signal waveform (in this vase, a square wave) 
which varies above and below some fixed reference level, 
as shown in part A of the accompanying wavetorm illustra 
tion. If the resistor of the R-C coupling network is ground- 
ed, then the reference level is said to be at ground poten- 
tial, or at zero reference level, and the sc waveform 
varies above and below ground (zero referenc 
shown. if the cesistor is tet. 
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level of the fixed potential, and the signal waveform varies 
above and below the fixed potential. 

In certain electronic circuits, it is desirable to confine 
the signal waveform to voltages which lie either above or 
below the fixed reference voltage established for the circuit. 
For these circuit applications the clomper circuit is used to 
hold either the positive or negative extreme of the signal 
wavetorm to the desired reference ievel, 

In the following discussion, it is assumed that the 
input waveiorm is obtained from the plate circuit of a pre- 
vious stage and, therefore, varies about a positive d-c volt- 
age reference level. The output waveform obtained from an 
R-C coupling network is normally centered about an estab- 
lished reference voltage level at or neat ground potential. 
However, if the coupling capacitor can be made to charge 
io the maximum positive d-c value of the input wavetorm 
and remain at this value, then any signal swing must occur 
in a negative direction; therefore, the output waveform 
varies between the established reference level and some 
negative value, depending upon the peak-to-peak amplitude 
of the input signal. Conversely, if the coupling capacitor 
can be made to charge to the mimimum positive d-c value 
of the input waveform and remain at this value, then any 
signal swing must occur in a positive direction; thus, the 
output waveform varies between the established reference 
level ond some positive value, depending upon the peak-+to- 
peak amplitude of the input signal. In the case where the 
capacitor charges to the maximum positive d-c value, the 
top of the output waveform is clamped to the reference level, 
as shown in part B of the accompanying illustration; and 
the action is termed negotive clamping. In the case where 
the capacitor charges to the minimum positive d-c value, 
the bottom of the output wavefonn is clamped to the refer- 
ence level, as shown in part C, and the action is termed 
positive clamping. 

The accompanying illustration shows two simple diode 
clampers and the output waveform associated with each 
circuit when a square wave is applied to the input af the 
clamper circuit. The shift of waveform axis with Tespect 
to the zero reference level occurs because diode V1 can 
conduct only when its plate is positive with respect to its 
cathode, Thus, capacitor C1 charges through a very short 
time constant (resistance of diode V1 when conducting) on 
altemate half cycles of the waveform when the plate of the 
diode is positive with respect to its cathode; the capacitor 
tends to discharge through a long ume constant, the resist- 
ance of Rl, when tie i 
respect to its /L nonconducting). 
charge ond slow discharge action continues until ¢ 
builds up on the capacitor to shift the waveform from the 
onginal zero axis. Resisiu: mi permits sume discharge of 
capacitor C} during altemate halt cycies ot the wavetorm 
when diode Vi is nonconducting, This effect causes the 
wavefonn to have a slight overshoot at the zero axis, in- 
stead of exactly coinciding with the zero axis. Regardless 
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of the presence of a d-c component in the input waveform to 
the clamper circuit, one polarity extreme or peak (either 
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Negative and Positive Diode Clamper Circuits and Output Waveforms 


Although the preceding general discussion has assumed 
that a positive d-c potential exists as the reference level 
for the input waveform to the clamper circuit and ground as 
the reference level for the output waveform, the circuit 
operation is essentially the same, no matter what respec- 
tive ievels exist at the input and output of the circuit. 
Several clamper circuits are discussed later in this section 
which are purposely arranged and “biased” to produce an 
cutput waveform clamped at a given d-c reference level 
(other thon ground potential), 

Typical negative and positive diode clamper circuits 
are discussed in the circuit descriptions which follow in 
this section. 


NEGATIVE DIODE CLAMPER. 


APPLICATION. 

The negative diode clamper {or d-c restorer) is used 
when it is desired to hold, or “clamp”, the positive extreme 
of a waveform to a zero reference level (ground potential). 


CHARACTERISTICS. 


Input signal waveform contains both positive and neg- 
ative amplitude extremes. 


ORIGINAL 


Output signal waveform varies between the reference 
level (ground) and some negative value, which is determined 
by the peak-to-peak amplitude of the input waveform. 

Input and output signals are in phase with one another, 

Uses diode in conjunction with an R-C coupling net- 
work; cathode of diode is at ground (chassis) potential. 


CIRCUIT ANALYSIS. 

General. The negative diode clamper circuit consists 
essentially of a diode connected in paralle) with the resist- 
or of a conventional R-C coupling network. The diode is 
connected so that whenever the waveform swings in a 
positive direction the diode conducts to produce a short 
BR-C time constant; whenever the waveform swings in a 
negative direction the diode does not conduct, and this 
results in a long R-C time constant. Thus, two different 
time constants are produced — a short time constant during 
the positive half cycle of the input waveform, and a long 
time constant during the negative half cycle. It is this 
difference in time constants that produces the clamping 
action for the output waveform. 

Cirevit Operation. A negative diode clamper is shown 
in the accompanying illustration, together with typical in- 
put and output waveforms. Capacitor C1 and resistor Rl 
form an R-C coupling network and determine the long time 
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constant of the circuit. Electron tube V1 is an indirectly 
heated cathode-type diode; it is the clamper diode and, 
together with capacitor C], determines the short time con- 
stant of the circuit. The filament (heater) circuit for the 
diode is not shown in the schematic. 

The input waveform shown in the accompanying illustra- 
typical of a square wave generated at the plate of a 
multivibrator stage. The waveform can be considered as the 
plate-voltage variation which is applied to the input of the 
clamping circuit, Initially the plate voltage of the multi- 
vibrator stage is low (+20 volts) while the tube is conduct- 
ing heavily; the plate voltage rises to a high value (+100 
volts) when the tube is non-conducting, or cut off, Thus, 
when the Stage is in operation, a square wave is produced 
wiih tas an 80 volt peak-to-peak amplitude, Coupling 
capacitor Cl of the R-C network is initially charged to a 
potential of +20 volts, which is the plate voltage of the 
multivibrator stage when the tube is conducting heavily. 
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Negative Diode Clamper Circuit and Waveforms 
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The circuit conditions at this time ate indicated by 
point A on the input and output waveforms of the accom- 
panying illustration. Immediately following point A on the 
input waveform, the input to the clamper circuit suddenly 
tises 80 volts (from +20 volts to +100 volts) to point B. 
Since the charge on capacitor Cl cannot change immediately, 
the B(+volt change appecrs across resistor R] and also 
across diode V1. This makes the plate of diode V1 80 volts 
positive with respect to its cathode, and the diode conducts 
to charge capacitor C1 through a short time constant path. 
When conduction begins, the output voltage drops from 
point B on the output waveform to zeto (reference level). 

At point C on the input waveform, the input signal drops 
80 volts (from +100 volts to +20 volts), but capacitor Cl is 
charged to +100 volts and cannot change instantaneousiy; 
therefore, an 80-volt drop in signal voltage appears ocross 
resistor Rl, causing the output to drop from zero (reference 
level) to —80 volts, Thus, between points C and Don the 
waveforms, the input voltage drops from +100 to +20 volts, 
and the-output voltage drops from zero (reference level) to 
80 volts, During the time interval between points D and 
E on the waveforms, capacitor Cl will discharge slightly 
through the long time-constant path offered by resistor Rl 
until point E is reached. 

At point E on the input waveform, the input signal again 
rises 80 volts (from +20 volts to +100 volts) to point Fon 
the input waveform, Once again the charge existing on 
capacitor Cl cannot change immediately, and the 80-volt 
change appears across resistor Rl. However, an 80-volt 
chanye causes the output voitage to overshoot the zero rei- 
erence level slightly because of a slight discharge of capa- 
citor C1 which has occurred during the time interval between 
points D and £, Therefore, because of the voltage over- 
shoot, a small positive voltage exists across resistor Rl 
and diode V1, The plate of the diode is positive with 
respect to its cathode, and the diode conducts momentarily 
to replace the slight loss af chatge on capacitor Cl. The 
output quickly drops and remains at zero (reference level) 
untl point Gis reached. The input signal again drops (from 
+100 volts to +20 volts), and an 8G-volt drop in signal volt- 
age appears across resistor Rl, again causing the output 
to drop from zero to —80 volts. Thus, between points G and 
H on the waveforms, the input voltage drops from +100 to 
+20 volts, and the output voltage drops from zero to ~80 
volts. Once again, capacitor Cl begins to discharge through 
resistot Al to complete another cycle, 

The output waveform has purposely been drawn to show 
u substantial decrease in voltage caused by the discharge 
of capacitor C1 during the period of time the input wave- 
form is at its negative extreme (point D to pont £). In 
ptactice, however, the value of resistor Rl is relatively 
large, and very little distortion results trom the discharging 
of capacitor C] through Rl, or from its charging through 
diode V1 (at point F). 

From the explanation of the negative clamper operction 
given above, it is seen that the positive extreme of the 
input waveform has been held, or clamped) to the desired 
zeTO reference level ond the entire waveform has been 
shifted negatively with respect to the reference levei. 
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FAILURE ANALYSIS. 

General. Because of the relative simplicity of the 
negative diode clamper circuit, the failure onalysis is also 
relatively simple and is limited to several possible failures. 

Initially, the input signal should be checked to determine 
whether it is present and of the cortect waveshape and 
amplitude. The diode, V1, should be checked to determine 
whether it is in satisfactory condition and whether the 
correct filament (heater) voltage is applied to the tube. In 
many cases, a d-c potential exists at the input of the 
clampet circuit; therefore, it is possible for coupling capa- 
citor C] to become leaky (or shorted) and cause a voltage- 
divider action to occur. Since capacitor Cl is in series 
with resistor Rl, a continuous current flow can result if 
the capacitor is leaky (or shorted), and this will produce a 
change in the reference level at the output of the clamper 
circuit. Furthermore, in this case it is likely that diode V1] 
will conduct at all times. A quick check to determine 
whether coupling capacitor C) is leaky (or shorted) is to 
temove diode V1 from the circuit and check for the presence 
of voltage developed across resistor Rl. 

If the value of resistor R] increases considerably abave 
its original value, distortion of the output waveform is 
likely to occur, especially when the input waveform is 
subject to changes in signal amplitude. As a result, dis- 
tortion will occur during the time required for capacitor C1 
to reach a new reference level, which results from a change 
in signal amplitude. If the value of resistor Rl decreases 
considerably, distortion of the output waveform will occur 
because of the decreased R-C time constant, and, as a 
result, undesirable spikes will be present in the output 
waveform. 

Since only three components are involved in the circuit 
(resistor Rl, capacitor Cl and diode V1), these components 
are easily checked to determine whether they are defective. 
Resistor Rj can be measured with an ohmmeter to determine 
its resistance, capacitor Cl can be checked with a suitable 
capacitance analyzer, and diode V1 can be checked in a 
tube tester or, as an altemative, a diode known to be good 
can be substituted and the operation of the circuit noted, 


POSITIVE DIODE CLAMPER, 


APPLICATION. 

The positive diode clamper (or d-c restorer) is used 
when it is desired to hold, or ‘‘clamp’’, the negative extreme 
of a waveform to a zero reference level (ground potential), 


CHARACTERISTICS. 

Input signal waveform contains both positive and nega- 
tive amplitude extremes. 

Output signal waveform varies between the reference 
level (ground) and some positive value, which is determined 
by the peak-to-peak amplitude of the input waveform. 

Input and output signals are in phase with one another. 

Uses diode in conjunction with an R-C coupling network; 
plate of diode is at ground (chassis) potential. 


CIRCUIT ANALYSIS. 
General. The positive diode clamper circuit consists 
essentially of a diode connected in paraliel with the resistor 
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of a conventional R-C coupling network. The diode is con- 
nected so that whenever the waveform swings in a negative 
direction the diode conducts and produces a short R-C time 
constant; whenever the waveform swings in a positive direc- 
tion the diode does not conduct, and this results in long 
R-C time constant. Thus, two different time constants ore 
produced —-a short time constant during the negative half 
cycle of the input waveform, and a long time constant during 
the positive half cycle. It is this difference in time con- 
stants that produces the clamping action for the output 
waveform. 

Circuit Operation. A positive diode clamper is shown 
in the accompanying illustration, together with typical input 
and output waveforms. Capacitor Cl and resistor Rl form 
an R< coupling network and determine the long time con- 
Stant of the circuit. Electron tube V1 is on indirectly 
heated cathode-type diode; it is the clomper diode and, 
together with capacitor Cl, determines the short time con- 
Stant of the circuit. The filament (heater) circuit for the 
diode is not shown on the schematic. 

The input waveform given in the accompanying illustra- 
tion is typical of a square wave generated at the plate of a 
multivibrator stage. The waveform can be considered as the 
plate-voltage variation which is applied to the input of 
the clamping circuit. Initially the plate voltage of the 
multivibrator stage is high (+100 volts) while the tube is 
cut off (nonconducting); the plate voltage drops to a low 
value (+20 volts) when the tube is conducting heavily. 
Thus, when the stage is in operation, a squore wave is 
produced which has an 80-volt peak-to-peak amplitude. 
Coupling capacitor Cl of the R-C network is initially 
charged to a potential of +100 volts, which is the plate 
voltage of the multivibrator stage when the tube is cut off 
(nonconducting). 

The circuit conditions at this time are indicated by 
point A on the input and output waveforms of the accom- 
panying illustration. Immediately following point A on the 
input waveform, the input to the clomper circuit suddenly 
drops 80 volts (from +100 volts to +20 volts) to point B. 
Since the charge on capacitor Cl cannot change immediately, 
the 80-volt change appears across resistor Rl and also 
across diode V]. This mokes the cathode of diode V1 80 
volts negative with respect to its plate, and the diode con- 
ducts to discharge capacitor C1 through a short time con- 
stant path. When conduction begins, the output voltage 
tises from point B on the output waveform to zero (reference 
level). 

At point C on the input waveform, the input signal rises 
80 volts (from +20 volts to +100 volts), but capacitor Cl is 
charged to +20 volts and cannot change instantaneously; 
therefore, an 80-volt increase in signal voltage appears 
across resistor Ri, causing the output to rise from zero 
(reference level) to +80 volts. Thus, between points C and 
D on the waveforms, the input voltage rises from +20 to 
+100 volts, and the output voltage rises from zero (reference 
level) to +80 volts. During the time interval between points 
D and E on the waveforms, capacitor Cl will charge slightly 
through the long time-constant path offered by resistor Rl 
until point E is reached. 

At point E on the input waveform, the input signal again 
drops 80 volts (from +100 volts to +20 volts) to point F on 
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2 Diode Clomper Cir 
the indut wavetorm. Once again the charge existing on 
capacitor C1 cannot change immediately, and the 80-voit 
change appears across resistor Rl. However, an 80-volt 
change causes the output voltage to overshoot and drop 
below the zero reference level slightly because of a slight 

¢ Ci which has occurred during the time 
intervai between points D and E. ‘Therefore. because of the 
voltage overshoot, a small neqative voltage exists across 
tesistor R} and diode V1. The cathode of the diode is 
negative with respect to its plate, and the diode conducts 
momentarily to discharge capacitor Cl. The output quickly 
tises and remains at zero (reference ievei) until point G 


is reached 


‘Vhe inout signal again rises Grom 120 veltes to 
Ehe input siqnel agommrises tir FORE 


+100 voits}, and an 60-voit increase in signai voitage 
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appears across resistor Rl, again causing the output to 
tise from zero to +80 volts. Thus, between points G and 
H on the waveforms, the input voltage rises from +20 to 
+100 volts, and the cutput voltage rises from zero to +80 
volts. Once again, capacitor Cl begins to charge through 
tesistor Rl to complete another cycle, 

The output waveform has purposely been drawn to show 


4 substantial decrease in voltage caused by the charging of 


substantial decrease in voltage ed by the charging of 
capacitor Cl during the time the input waveform is at its 
positive extreme (point D to point E). -In practice, however, 
the value of resistor Rl is relatively large, and very little 
distortion results from the charging of capacitor Cl through 
Rl, or from its discharging through diode V1 {at point F). 
From the explanation of the positive clamper operation 
given above, itis seen that the negative extreme of the 
input waveform has been held, or clamped, to the desired 
zero teference level and the entire waveform has been 
shifted positively with respect to the reference level. 


FAILURE ANALYSIS. 

General. Because of the relative simplicity of the 
positive diode clamper circuit, the failure analysis is 
also relatively simple and is limited to several possible 
failures. 

Initially, the input signal should be checked to deter- 
mine whether it is present and of the correct waveshape 
and amplitude. The diode, V1, should be checked to 
determine whether it is in satisfactory condition and 
whether the correct filament (heater) voltage is applied 
to the tube. In many cases, a d-c potential exists at the 
input to the clamper circuit; therefore, it is possible for 
coupling capacitor Cl to become leaky (or shorted) and 
cause a voltage-divider action to occur. Since capacitor 
Ci is in series with resistor Rl, a continuous current flow 
can result if the capacitor is leaky (or shorted), and this 
will produce a change in the reference level at the output 
of the clamper circ A quick check to determine whether 
coupling capacitor Cl is leaky (or shorted) is to remove 
diode V1 from the circuit and check for the presence of 
voltage developed across resistor Rl. 

If the value of resistor R1 increases considerably above 
its original value, distortion of the output waveform is 
likely to occur, especially when the input waveform is 
subject to changes in signal amplitude. As a result, dis- 
tortion will occur during the time required for capacitor C1 
to reach a new reference level, which results from a change 
in signal amplitude. If the value of resistor Ri decreases 
considerably, distortion of the output waveform will occur 
because of the decreased R-C time constant, and, as a 
kes will be present in the output 


Since only three components are involved in the circuit 
{resistor Rl, capacitor Ci, and diode V1), these components 


are easily checked to determine whether they ore defective: 


resistor Rl can be measured with an ohmmeter to determine 


its resistence, capacitor Cl can be checked with o suitable 
Tesistance, capacit can bce checked with a suitable 


capacitance unalyzer, and diode Vi can be checked in a 
tube tester or, as an alternative, a diode known to be good 
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NEGATIVE-BIASED DIODE CLAMPER. 
APPLICATION. 


The neqative-biased diode clamper is used when it is 
desired to shift and hold the reference level (negative 
extreme for positive diode clamper, cr positive extreme 
for negative diode clamper) of the applied signal to some 
negative value. 


CHARACTERISTICS, 
Establishes a d-c reference level of a signal, but does 
not affect its amplitude. 
The reference level is always a negative value equal 
to the bias voltage. 
Input and output voltages are in phase. 
Uses a diode, an r-c network, and a bias voltage supply. 
A negative-biosed diode clamper may be used as either 
@ positive or negative clamper. 


CIRCUIT ANALYSIS. 

General. A diode clamper (positive or neqative) is con- 
nected so that whenever the signal swings in one direction 
(positive direction for negative clamping—neqative direc- 
tion for positive clamping) diode V1 conducts to produce a 
short t-c time constant; whenever the signal swings in the 
opposite direction diode V1 does not conduct, and this re- 
sults in a time constant dependent on a resistor in parallel 
with the diode and coupling capacitor Cl, which is tong 
with respect to the time constant of the resistance of the 
diode and the coupling capacitor. Thus, two different 
time constonts are produced; a short time constant when 
V1 is conducting and a long time constant when V! is not 
conducting. 

The output voltage is obtained across the parallel 
combination of the diode and the resistor. During the 
short ‘time constant all of the input signa! voltage is de- 
veloped acrcss the coupling capacitor and none is de- 
veloped across the diode and resistor, and thus no output 
is developed. During the long time constant, practically 
none of the signal voltage is developed across the coupling 
capacitor and practically all of the signal voltage is de- 
veloped across the resistor and diode, and thus oracti- 
cally all of the signal appears at the output. 

The clamping level is dependent on the input voltage 
value; normally the clampinc occurs at a zero voltage re- 
ference level and extends in a positive or negative voltage 
direction to a voltage value equal to the peak to peak input 
voltage. With the insertion of a negative bias voltage the 
reference level is shifted in a negative direction. A nega- 
tive or positive diode clamper having ¢ negative bias will 
have the minimum negative voltage of the output at a refer- 
ence level equal to the value of the bias voltage. 

Circuit Opecation. A negatively biased negative diode 
clamper is shown in the accompanying illustration. Co- 
pacitor Cl and resistor Rl form an t-c coupling network 
ind determine the long time constant associated with the 
circuit. Electron tube V1 is an indirectly heated cathode 
type of diode. This diode during the time of its conduction, 
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shunts Rl and together with capacitor Cl determines the 
short time constant of the circuit. Voltage source EK 
provides a negative bias voltage which alters the reference 
level from zero to o negative reference level equal to the 
bias potential. 


PEAK x. 
VALUE_OF INPUT ° 
PEAK- PEAK BIAS 
VALUE OF INPUT VOLTAGE 
ci 
INPUT Rt vi “OUTPUT 
ZT ek 
o— + = ——O 


tion is a . Prior to point A on the 
signal va’ " ere is no input voltage. Prior 
to point Aon the cutout vol waveform, the output volt- 


age is m 
first leadi 


3 voltage value. At point A the 
‘put square wave occurs. Since 
ly charge to this value, the full 
nthe plate of V1. The output 

the algebraic addition of the voltage 
© bias voltage. Capacitor Cl 
however, because of the very small time 
spect to the frequency of the input signal) 
stance of V1 during its conduction. 
nishes to the bias voltage at the 
same rate thet Cl churges. This voltage diminishes well 
before point B is reeched. Then the input signal reaches 
point B, capecitor Cl again cannot change its charge in- 
stantoneously, and a high negative voltage appears on the 
plate of Vl. Therefore, diode V1 does not conduct and all 
the voltage appears ecross Rl. The output voltage at 
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point B is the algebraic sum of the negative voltage across 
R1 and the negative bias voltage. 

During the pulse period between points B and C, ca- 
pacitor Cl discharges slightly through Ri for the duration 
of the negative pulse. Since the f Rl ond 
C1 is large, however, only a slight amount of this voltace 


leaks off. The amount of the voltage that discharres throudh 


Tot ricin: Mw oannlied aersss Pl 
RI subtracts from the voltage originally applied across Rl 


at point B. Hence, at point C the initial negative charge }s 
less than at point B, accounting for the dip in the wave- 
form. 

When point C is reached and the input signal rises in 
positive direction V1 conducts, and capacitor Cl again 
cannot respond instantaneously to the rapid 
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Hence the full voltage appears corsa: 


output voltage this time, however, is not only the voltage 
across V1 plus the bias voltage but it is this algebraic 
addition minus the voltage that is present across Rl. Since 
the voltage across Pl has be 
of Cl, the voltage across R} is less than the voltage 
across V1 by the amount of voltage that has leaked off Cl 
at point C. The output voltage at point C is then sliahtly 
more positive than the bias. This produces the slight 
positive peak on the waveform at point C, since the anode 
of V1 is more positive than the cathode, V1 conducts and 
quickly charges, removing the smal! pip caused by the 
initial surge across V1. The output voltage then drops 

to that of the bias voltage for the remainder of the pulse 
width, period C to D on the waveform. When point D is 
reached the action is the same as that occuring at point B 
and the cycle repeats. 

By reversing the diode in the illustrated circuit, the 
circuit becomes a negatively-biased positive diode 
clamper. The positive diode clamper normally has a posi- 
tive output with a zero reference level. By insertir 
negative bias, the reference is shifted to a negative 
voltage value equal to.the bias voltage. 


el by the diset 


vi 


FAILURE ANALYSIS. 
General. Because of the relative simplicity of the 
negatively biased negative or positive diode clamper cir- 
cuit, the failure analysis is limited to severai possit 
failures. Before che 
circuit, check the input signal to dete i 
present and of correct waveshope and umplitude. If the 
signal is present and corr 
clamping circuit. In many 
the input of the clamper circuit 
ieee capacitor Cl to become leaky {or shorted) 


USO CV itege dis 


fo ufithin the « 


{s:connected in-series wil 


rent flow can result if the ony \ 
this will produce a chanae in the reterence level at the ouit- 


put of the clam creat. Porth 
the Giamper circuit. 1 orth 


likely that diode Vi will conduct at all times. Check 


meuclinn cCaracitor Cu caeleal 
Coupling capicitor Us for leakage, 


CHANGE 2 


0967-000-0120 CLAMPERS 

If the bias supply were to open, no output would be 
obtained. If the bias supply voltage became shorted, gn 
output would exist, but the reference level would be shifted 
to zero instecd of some negative value, 


If the resistor Rl increases considerably al 


of the output wavelor 


3S 


original value, distorticr 
to occur, especially . 


changes in ampli 
siderably, distortion st he put waveform will occur be- 
cause of the decreased :-c time constant, and, as a result, 
undesirable spikes will he present in the output waveform. 
Since there are only four components in the circuit 
there should be little difficulty in determining the faulty 
component. Resistor Rl may be measured with an ohmmeter 
tu determine if its value :s within the accentahble tolerance. 
Capacitor Cl] may be checked with a capacitor analyzer or 
by measuring the voltage from one plate of Cl te ground 
ond then the other plate of 71 to ground (if the voltages 
measured are equal the capacitor 1s shorted). kuas voltage 
source EK may be checked with a voltmeter. If after all 
known good bias supply, or with a voltmeter. If after all 
the components have been checked the trouble still persists, 
diode V1 must be at fault. A low reverse resistance is 
also an indication of a defective diode, 


to 


POSITIVE-BIASED DIODE CLAMPER. 


APPLICATION. 

The positive-biased diode clamper is used when it is 
desired to shift the reference lovel of the applied signal in 
a positive direction. This cype of circuit is commonly 
used in radar, television, and computers. 


CHARACTERISTICS. 

Output waveform varies between the positive reference 
level and a voltage equal to the sum of, or the difference 
between, the peak to peuk dinplitude and the pasitive re- 
ference voltage. 

Establishes a ¢-c reference level for the waveform, but 
does not affect its auplitude. 

Input and output voltages are in phase, 

Uses a diode, an r-c network, and a bias supply. 

A posstine bi 
tive clampers. 


Yio bi uded Will, bot pusitlwecand neuas 


RCUIT ANALYSIS. 


General, Ad 


type) is connected 


in one deen 


sae ive direction for negative clamping 


frp onwitiaa olapanine the digde con. 


face Ui: Constant) whenever 


site airantinn the Atodoud 


atime constant dependent 
TC MHCIWOLK Wii is vely luny wills lespect Lo the 
short time constant formed by diode V1 and capacitor Cl. 
The output voltage 1s taken across the parallel combi- 
nation of the diode and the resistor to ground. During the 


short time constant, oll of the signai voltage appears 
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across the coupling capacitor and no voltage appears 
across the diode, or the resistor, and thus no voltage ap- 
pears at the output. During the long time constant practi- 
cally none of the signal voltage appears across the coupling 
capacitor ond practically all of the signal voltage appears 
across the resistor, and thus practically all of the siqnal 
appears at the output. 

The clamping level is dependent upon the input voltage 
value, normally being clamped at a zero voltage reference 
level and extending in a positive or negative voltage direc- 
tion to a voltage value equal to the peak to peak input 
voltage. With the insertion of a positive bias voltage the 
reference level is shifted in a positive direction. A positive 
diode clamper (biased positive) will have its lowest posi- 
tive value as the reference level. A negative diode clamper 
(biased positive) will have its highest positive value as the 
reference level. The reference level will be, in any case, 
a value equal to the value of the bias voltage. 

Cireuit Operation. A positively biased positive diode 
clamper is shown in the accompanying illustration, 


th ta ts te 


—>—-— 
PEAK TO PEAK VALUE 


OF INPUT VOLTAGE 


INPUT ouTeuT 


Basic Biased-Positive Diode Clamper 


Capacitor C1 and resistor Rl form an r-c coupling net- 
work and determine the long time constant associated 
with the circuit. Electron tube VI is an indirectly heated 
cathode-type of diode. This diode, during the time of its 
conduction shunts Ri, and together with Cl determines 
the short time constant associated with the circuit. Voltage 
source Ebb provides a bios voltage which changes the 
teference level from zero to a positive level equal to the 
bias potential. The illustrated input waveform is a typicot 
Square wave with times t,, t,, ty and t, occurring at the lead- 
ing and trailing edges of the waveform where the signal 
changes from positive to negative levels and vice versa. 
Prior to application of the input voltage at time t, the 
output voltage is maintained at the positive bias voltage 
level, that is at, say +10 volts. At time t,, the neqative- 
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going leading edge of the square wave input pulse occurs. 
Since coupling capacitor C1 cannot change its charge 
instantly the total input voltage appears across resistor Rl, 
and produces a negative spike of output voltage. Since 
V1's cathode is now driven negative with respect to the 
anode, diode V1 conducts. The amplitdue of the output 
signal at this instant is a -25 volt peak of input voltage 
plus a positive 10 volts bias, which add algebraically to an 
effective -15 volts output amplitude. When V1 conducts, 
the short time constant quickly discharges Cl and the nega- 
tive spike drops to the bias level remaining at this value 
for the remainder of the pluse width. In this instance the 
effective zero level is not zero but is the positive bios 
level. Meanwhile, diode V1 is conducting lightly because 
of the positive bias, and creating the flat (bottom) portion 
of the output pulse for the time remaining between t, and t,. 
At time t,, the input waveform becomes positive-going 

and swings to the full 50 volt peak value. Again Cl can- 
not change its charge instantly, so the full voltage appears 
across Rl. The output voltage now rises to +60-volts, the 
sum of the peak input voltage (+50) and the bias (+10). 
During this time the cathode of V1 is now more positive 
than the anode «md conduction ceases. During the period 
between t, and t,, Cl charges slowly through the long time 
constant supplied by Ri. At time t, the second input pulse 
ends and the negative-going trailing edge causes the out- 
put voltage to drop 50 volts. Because of the small charge 
through the longtime constant circuit, this voltage over- 
shoots the bias level, anc drops to +5 volts instead of the 
normal bias value of +10 volts. This occurs because 
capacitor Cl is charged 5-velts during the pulse width 
because of the long time constont. Hence, although the 
initial output voltage is 60 volts at time t,, it drops to 55 
volts by time t,, due to the charging of Cl. Therefore, 
when the negative SO volt swing occurs at t,, the output 
level drops to +5 velis. Thus an effective S-volt negative 
overshoot is proce ct the hottom of the waveform. The 
negative overshoot drives diode V1 into conduction which 
quickly discharaes C1 to the bias level and eliminates 

the overshoot pip. The out put now remains at the +10 
bias level for the remainder of the flat (bottom) portion of 
the waveform. At time t, the waveform again changes 
direction and a positive-going signal is applied. The 
cycle now repeats, ond thus the negative portion of the 
waveform is held clamped to the positive bias level for 

the duration of the input siqnal. The distortion shown in 
the illustration of the waveform is exaggerated to facilitate 
the understanding of circuit action. In practice, the time 
constant of Cl and RI is sufficiently large that very little 
distortion of the waveform occurs. 

By reversing the diode in the illustrated circuit, the 
circuit now becomes a positively biased negative diode 
clamper. The negative diode clamper notmally has a 
negotive output with a zero reference level. By inserting 
the positive bias the reference level is shifted to a positive 
voltage value equal to the bios voltage. 
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FAILURE ANALYSIS. 

General. Because of the relative simplicity of the 
positively biased positive or negative diode clamper 
circuit, the failure analysis is also simple and is limited 
to only a few possible failures. 

Initially, the input signal should be checked to dete: 
whether it 1s present and of correct waveshape and ampli- 
tude. If the bias battery or supply voltage should become 
open no output would be obtained. If the bias supply volt- 
age should become shorted, an output would exist but the 
reference level would be shifted to zero instead of some 
positive value. In many cases, a d-c potential exists at the 
input of the clamper circuit; therefore, it is possible for 
coupling capacitor C1 to become leaky (or shorted) and 
vor Ci 


CGusé d voltage Uivider uction tu uccur, Since cups 
is in series wit 
result if the cag 
produce a cha 
clamper circuit. 
It the value of resistor Rl increases considerably 

above its origina: value, distortion of the output waveform 
is likely to occur, especially when the input waveform is 
subject to changes in signal amplitude. If the value of 

Rl decreases considerably, distortion of the output wave- 


form will occur because of the decreased r-c time constant, 


and as aresult, ur.desirable spikes will be present in the 
output waveform. 

There should be little difficulty in determining the 
component at fault, since there are only four components in 
the circuit. Resistor Ri may be measured with an ohmmeter 
to determine if the value is within tolerance. Ccpacitor 
Cl may be checked with 9 capacitor analyzer or hy measur- 
ing the voltage from eco: plete of Cl te g d (if the 
voltages measured are equal, the capacitor is shorted). If 
every other component hes been checked and the trouble 
still exists, diode VI must be at fault. 


tor Rl a continuous current {! 


euky (or shorted), and this will 
ference level at the outout of the 


z 


Q 


TRIODE CLAMPER. 

A clamping circuit, wnich is sometimes reterred to as a 
d-c restorer, or a base line stabilizer in other publications 
holds either extreme of a waveform to a given reference 
level. 

All clamper circuits are dependent on two time constant 
circuits required to establish the reference level to which 
the output is clemped, one ¢ long time constant circuit and the 
other a short time constant circuit. The iong time constant 
Circuii is developed by t 
Tesistor, which iS Sourited 
stant circuit is developed = the input coupling capacitor 
and the Tesistance O1 Wie diode during tne ume of ts con- 
duction. Whether the clamper is clamped in the positive or 
ne! gotive 
diode the coupling cupuciter is connected. Ti 
is connected to the cathode of the diode the clampinc 
cuit will clamp in a positive direction. If the capacitor is 
connected to the plate of the diode the clam 


clamp in a néagctive direction. 
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Although a diode is sufficient to provide clamping action, 
is relatively inexpensive, and requires less space and as- 
sociated circuitry than tubes with more elements, it some- 
times become advantageous to use triodes in certain ap- 
plications. A basic single-tube triode clamper, wil! provide 
a higher peak to peak output voltage for a given input voltage 
It is necessary that in a basic single-tube triode 
clomper as in most other triode circuits, that an input 
coupling capacitor be connected to the arid of the tube in 
order to prevent d-c coupling. In the case of the basic 
single-tube triode clamper, the arid of the tube acts as the 
plate of an effective diode in a diode clamping circuit. 
Thus with the input coupling capacitor connected to the ef- 
fective nlote of the diode, neqative clamping is ahtained 
However, due to the phase inversion of the input and output 
signals of an electron tube, positive clamping is obtained 
atthe plate of the triode. 
Another type of triade clam 
rather than one is the synchronized triode aieing circuit. 
This is used in rotating radial sweep radar applications, 
where a trapezoidal voltage is needed to produce the sweep, 
The trapezoidal sweep voltage varies above and below « 
reference line. In addition, the voltage thet occurs between 
sweeps te in magnitude, from cycle to cycle. As a re- 
sult, each ep occurs oto different point on the screen due 
to the effect of this difference in voltage between sweeps. 
The synchronized clamper prevents this condition. It is 
necessarily a two-way clamping circuit because the voltage 
to be clamped must be clamped both above and below a 
reference line. ‘he circuit is made inoperative during 
sweeps, by synchronizing pulses, so that ne clamping occurs 
during the sweep time, Between sweeps, the clampor cner- 
ates and clamps these undesirable variations in veltage 
a reference line from a positive and negative direction. 
The sychronized triode clomper, and the single triode 


clamper are discussed seperately in the following parcqraphs. 


BASIC SINGLE-TUBE CLAMPER. 


APPLICATION. 

A basic single-tube clamper is used where it is desired 
to obtain amplification of the input signal as well as 
clamp one extreme of the signal. 


CHARACTERISTICS. 
Ciompine is accomplished hetween theris and the 
cathode, the grid acu: 
Clamping between the grid cnd the cathoce con only be 
in a negative direction, since the couplina capacitor must be 
connected to the arid of the triode, 
nee taken tro the plate of 


ind posi! 


as a ciade plate. 


clemped 


triode will he 


CIRCUIT ANALYSIS. 

General. The circuit operation of the basic single- 
tube triode clampor is largely similar to that of the d 
clamper. In the triode clamper, the contro! arid serves the 


diode 
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same function as the diode plate in the diode clamper cir- 
cuit. The gtid-leak bias resistor and coupling capacito: 
conjunction with the grid to cathode resistance of the triode 
provides a means by which two time constants may be pro- 
duced, These time constants engble c certain bias level to 
be established, which fixes the reference level to « the 
output level is clamped. 
The qrid is maintained at a negative voltage, and since 
the plate voltage varies inversely and is of opposite 
polarity, the output voltage is clamped at a positive reference 
level. The action of the triode also provides amplification 
of the input signal. 
Circuit Operation. A basic single-tube triode clamper 
is shown in the accompanying illustration. Cl and Rl are 
the input coupling capacitor and the grid leak bias resistor, 
respectively. They form the long time constant circuit as- 
sociated with the clamper. The cathode to grid resistance 
of triode V1 during the time of maximum conduction along with 
Cl form the short time constant circuit associated with the 
clamper. R2 is the plate load resistor, which also provides 
the proper dc plate voltage to the plate of V1. 


RESISTANCE = 
‘CATHODE 
INPUT s —— == TO GRID ouTPuT 
o—- —o 


Basic Single-Tube Triode Clamper 


The input signal is a typical square wave, having equc! 
positive and negative amplitudes as shown in the accompany- 
ing illustration. Prior to the application of the square wave 
at time ty, the output voltage is held at a certain level due to 
the plate voltage being developed across the plate load 
resistor R2. This voltage value constitutes the reference 
or clamping level of the output voltage. Times t, and t, 
tepresent the leading edges, and times t, and t, represent 
the trailing edges of the input square wave. 

At time t,, the first positive-going leading edge occurs 
and appears at the grid of V1. Since capacitor Cl cannot 
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Tn ae ae 

+ 

° INPUT 
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° GRID 

gE ouTPuT 

° 


Clamper Waveforms 


immediately change its charge the entire voltage appears 
across R1. Grid current immediately flows from cathode to 
gtid and begins charging cepacitor Cl. The time required to 
charge Cl is very short because of the low cathode to grid 
resistance of V1. As Cl becomes fully charged, the grid 
side of Cl becomes negative, and the grid is at the same 
negative potential. This charging action continually reduces 
the amount of tube conduction from the time of the initial 
application of the leading edge of the square wave to the 
time where Cl becomes fully charged. This varies the plate 
output voltage from some negative value to some positive 
value (the reference level) where it remains constant for 

the duration of the pulse, until the trailing edge of the input 
waveform is reached at time t,. At t,, the neqative-qoing 
trailing edge of the input signal causes a negative voltage 
to appear across Rl and on the grid of V1. The negative 
grid swing causes the plate current to reduce, and the plate 
output voltage, therefore, rises to nearly the full value of 
the supply (qoes positive). At this time, the input signal 
teaches its maximum negative swing and the output voltage 
teaches its maximum positive swing. For the duration of 
the pulse to time t, c long time constant path is offered 
through Ril to discharge Cl, since V1 is no longer conducting 
from grid to cathode (no qrid current is flowing), Because 
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of the long time constant ard the relatively short pulse 
width time, Cl discharges on!y slightly before the next 
© of the input signa! sppears at ty. 


while the increase: 


duction through the short 


te cathode current qui 


een nae 


y orl: 


current ther romaing con-tunt until 
input pu Aryakecyele 
is the 

Actually, tt. 
output wayetorn, 


Orton ShOWT at 


ahs Uae FS 
ygersted to fac’ 


is sufficiently 2 that very littl 


form occurs. 


FAILURE ANALYSIS. 

No Output. If u squure wave signal within the desiqn 
limitations of the triode clamping circuit is cpplied to the 
input of the circuit a “no output” condition nay be the re- 
sult of no plate voltae existing at the plate of Vl. This may 
he due to a faulty plate supply voltage source or due to an 
open plate ioad resistor, M2. tise oni J 
ponent that would result fr a no outy 
faulty triode Vi. 

In order to determine which component 
the “no output" condition, tirstcheck to see, with an oscil- 
loscope, if the correct input signal is applied, 
Signal is applied, check far tr 
If no plate voltage is present, ctieck resistor R2 
ohmmeter. Sf R2 is an acceptable { 
check the glute supply volu s¢ 
ance vol » determine | 
exists. If tn 


the cause of 


6 


tmeter 


ponents have been 
sull exists the tno: 
Disto. 


CG pitur a, ie 


niste 


viluine why ue GuIput is low or distorted, first 
put signal eid 
itor Cl with on inc 


ne ifitis onen, 


HeSk iie Sy 
Check the capac 
to dete 


OF mens 
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sides of Cl to ground t ermine ifCl is shorted. {If the 
measured veltaces are equc! the capacitor is shorted.) Check 
resistor 3] with an ohmmeter. If resistor R) has on accept- 
able resistance value, check resistor R2 with an ohmmeter. 

If resistor RZ has on ceceptable resistance valu eqsure , 
the value of the plate voltage supply, Ebb, with a high 

i © volmeter. If the plate supply voltage is incorrect, 
‘ty to adjust the plate voltage supply source for the correct 
voltage value. if ali these components have been checked 
and the “low or distorted’ condition stil! exists, the triode 
must be defective. 


SYNCHRONIZED TRIODE CLAMPER. 


APPLICATION. 
A synchromzed triote clam 


tis used in tele nan 
to tok! a signal voltage 


ence Iever und allow the sianal to vary both 


| 
Uvely anc neyctively from the zero reference level. 


cul ig nesirec 


a 


CHARACTERISTICS. 
Uses two triodes conn: 
Clamping occurs benveen input sign 
Synchronizing pulses are required. 


CIRCUIT ANALYSIS. 
General. A synclironizec triode clamper utilizes the 

conduction of two trio ¢ maintein a specific reterence 
level during the time tiict no signal is present. At the time 
that the ins al occurs, a negative synchronizing pulse 
drives the trioues inte < nonconducting state for the dura- 
tion of the synchronizing pulse. The duration of the synchro- 
nizing pulse 
same. Any variation in t 


(when the triodes are cui 


the 


tition, of tne input sian! are the 
voltage between input signals 
} ges the amount of 


conduction of thetricde: 
voltage und plate resiatance 
in plate voltaqegnd plate 
put voltage is maintain? r 

Circuit Operation. A tytical triote cla 
shown in the cecom 
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SIGNAL 
INPUT. ~O—— 


YNCHRONIZING 
wot o—4 


OUTPUT 


Synchronized Triode Clamper 


asthe sawtooth waveforms. The period between each saw- 
tooth, therefore, is equal to the period between each synchro- 
nizing pulse. A diagram of the corresponding time and am- 
plitude relationships of the input, synchronizing, and output 
waveforms is shown in the accompanying illustration. 


ee INPUT 


SYNCHRONIZING 
PULSE TRAIN 


OUTPUT 


Clamper Waveforms 


At the time either a positive or negative sawtooth wave- 
form is applied to the input of capacitor Cl, a negative 
synchronizing pulse is applied to the synchronizing input 
through capacitor C2 and applied to the grids of triodes V1 
and V2. This synchronizing pulse cuts off the triodes V1 
and V2 for the duration of the pulse, which is equal to the 
period of the sawtooth waveform. When the duration of the 
sawtooth waveform ends, the duration of the synchronizing 
pulse is likewise completed, and triodes V] and V2 return 
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to conduction, forming avoltage divider network. This yolt- 
age divider consists of the two triodes and a cathode bias 
tesistor R2 in a series connection, extending between plate 
voltage supply Ebb and ground, 

If there should be any voltage at the input that varies from 
the zero reference line, at this time, the conduction of the 
triodes will vary in such away as to compensate for the 
voltage variation andto maintain the output at the zero refer- 
ence. If this voltage variation is positive, the voltage at 
the cathode of V1 and the voltage ct the plate of V2 is made 
more positive. The increased plate voltage of V2, in most 
cases, is relatively ineffective in changing the amount of 
conduction of V2. The increased voltage at the cathode of 
V1, however, causes the grid voltage to appear more nega- 
tive, thereby increasing the bias. (This positive increase 
in voltage is then much more effective in changing the 
conduction of V1 than in changing the conduction of V2), 
The conduction of V1 is then reduced causing the plate re- 
sistance of V] to increase, thereby causing 9 greater voltage 
drop across V1. With the increased voltage drop across V1, 
there will be less voltage available at the plate of V2, and 
thus at the output. This voltage decrease at the plate of V2 
and at the output is equal to the positive voltage variation 
occurring at the input. The output voltage is, therefore, 
maintained at the zero reference level. 

If the voltage variation, at the time that triodes V1 and 
V2 are in the state of conduction, is negative, the voltage at 
the plate of V2 and at the cathode of V1 isnegative. The 
voltage decrease at the cathode of Vl causes the grid voltage 
to appear more positive, thereby decreasing thebias. (This 
decrease in voltage is then much more effective in changing 
the conduction of V1 than in changing the conduction of V2.) 
The conduction of V1 is increased causing the plate resist- 
ance of V1 to decrease and causing the voltage drop across 
V1 to decrease. A more positive voltage is then present at 
the cathode of V1, at the plate of V2 and at the output. This 
voltage increase is equal to the negative voltage variation 
at the input. Thus output voltage is maintained at the zero 
reference level for a negative voltage variation as well as a 
positive voltage variation. 


FAILURE ANALYSIS, 

No Output. A ‘no output!’ condition may be due to any 
of the following failures: an open coupling capacitor Cl, an 
open synchronizing pulse capacitor C2, no input signal, or 
no synchronizing pulse train. These failures may be located 
by measuring capacitors Cl and C2 with an in-circuit capac- 
itor checker, and by observing the input signal with an 
oscilloscope. If either the input signal or the synchro- 
nizing pulse train is not present ct the respective inputs, 
check the input signal source or the synchronizing pulse 
source with an oscilloscope, If the’'nc-output" condition 
still exists after these checks have heen made, c bad con- 
nection somewhere in the circuit must be the cause. 

Low or Distorted Output. A low o& distorted output may 
be due to any of the following defects (prov: Ne proper 
input signal is applied): low or no plate supply voltage, 
improper synchronizing pulse, open or shorted resistor R2, 
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open or snorted resistor Rl, open or shorted capacitor C3, 
shorted capacitor Cl, shorted capacitor C2, or, if the condi- 
tion still exists after checking these components, triode V1, 
or triode V2, or both triodes must be defective. 

To dete f these components is at fault, first 
check the input siqnal with cn oscilloscope. [f the input 
signal is correct, proceed ta the synchronizing pulse inpit 
and check the synchronizint pulse train with an oscilloscope. 
If either the input siqnai or the synchronizing signal is 
incorrect the trouble is not in the clamping circuit, but is in 
some staje prior to theclamper. If the synchronizing ue 
train is correct 1¢ plate supply volta 
tesistance voltmeter. If th 
:Rl 


aly 


pacitor 3 with an in-circuit Bapieltor ehecken, or pi meas- 
uring the voltage from both plates of C3 to ground. If both 
voltages are equal the capacitor is shorted. If all com- 


ments are found to be 


either triode V1 or triode V2, or in both triodes. 


plate supply oligne is correct, 
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PART B. SEMICONDUCTOR CIRCUITS 


DIODE CLAMPERS. 
The semiconductor diode clamper is practically iden- 

tical to the electron tube clamper, both coreullwise: ond 

functionally. Before proceed! 


the moterial on Diode Clan 


the reader sho 


reader should re 


P Ww 
in Part A — Electron Tubes 
in this section, as it is generally applicable te this discus- 
sion. 

Like the electron tube, the semiconductor diode clamper 
is used to hold the input signal at a predetermined level, 
either above, below, or at ground level. When the positive 
extreme of the input waveform is held at the desired refer- 
ence level, the eniie waveform is effectively shifted in a 
negative direction from the reference level, and such action 
is called negative clamping. When the negative extreme of 
the input waveform is held at the fixed reference level, the 
entire waveform is effectively shifted in a positive direction, 
and such action is called positive clamping. When the in- 
put signal is unclamped and is symmetrical, both the posi- 
tive and negative portions of the waveform vary equally 
above and below the reference level. 

To effect clamping, the semiconductor diode is operated 
os a simple switch controlled by the polarity of the input 
waveform. In the direction of forward conduction it passes 
the signal, but in the direction of reverse conduction it is in 
effect an open circuit and blocks the signal. Although the 
forward resistance of the semiconductor diode is low, the 
reverse resistance is not infi 
switch. In fact, the reverse resistance of a semiconductor 
diode can be as low as 50,000 ohms. In practice, however, 
such low volues are never used to any large extent because 
of the loading they present to the circuit across which they 
are connected. Design practice is to employ diodes with a 
back resistance more nearly equa! to that of the convent- 
ional electron tube, which is in the megchm region. Al- 
though the almost infinite resistance of the electron 1ube 
cannot be obtained in the present type of semiconductor 
diode without adversely affecting the forward resistance 
and overall performance, fairly high reverse resistances 
can be obtained. As a general tule, reverse resistonces of 
the order of hundreds of thousands of ohms are obtainable 
and are used. 

In addition to the inherent disadvantage of a relatively 
low reverse resistance, the semiconductor 
capacitive effect which varies with applied 
sical size, and composition. c 
effect is small enough to compare favorably with that of the 
electron tube diode. However, w 
diode is used as a d-c restorer at video and higher tre- 
quencies, the shunting capacitance may affect the wave- 
form of the Signal; For these reasons, the semiconducter 
dicde is generally restiicied in use 10 d-c Dias circmts and 
low-frequency pulse operation, 

Since the diode may be connected to operate on posi- 
tive or negative signals and may also be biased positively 
‘or negatively, four basic circuit variations of the diode 


in most cases 
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adversely affects performance; furthermore, these simple 
Circuits are restricted to holding either the positive or the 
negative peak of the waveform to zero level. Thus, if it is 
desired to clamp the waveform at a particular point other than 
zero level, the biased type of clamping circuit must be used. 
Biased diode clamping circuits are used extensively in 
transistor switching circuits which operate at levels less 
than the limits of cutoff and saturation to obtain more pre- 
cise switching. Each type of diode clamper circuit is 
discussed in the circuit descriptions which follow in this 
section. 


NEGATIVE DIODE CLAMPER. 


APPLICATION, 

The negative diode clamper (or d-c restorer) is used 
where it is desired to hold, or “clamp!’, the positive ex- 
treme of a waveform to a zero reference level (the reference 
level for this circuit must be ground potential). This cir- 
cuit is commonly used in radar, television, telemetering and 
puise code communications equipments, and computers. 


CHARACTERISTICS. 
Input signal contains both positive and negative por- 
tions, but output signal consists of only a negdtive-qoing 
A to the input signal. 
" Output waveform amplitude varies between ground (ref- 
erence level) and some negative value as determined by 
the peak-to-peak amplitude of the input signal. 


CIRCUIT ANALYSIS. 

General, The unbiased diode clamp is usually employed 
asa stunt across the resistor portion of an R-C coupling 
ing a tow-resistance path during con- 
noncon- 
25, the didde provides different charge and 
discharge times for the coupling capacitor. When the posi- 
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tive portion of the input waveform causes the diode to con- 
duct, negative clamping is produced, as described in the 
following paragraph. 

Circuit Operation. The schematic of a basic unbiased 
diode clamp is shown in the following illustration. As 
shown, Cl is the coupling capacitor of an RC coupling net- 
work. Resistor R] is the input resistor of the network and 
determines the long time constant (discharge period) of the 
circuit. Clamping diode CR1 connected in shunt with R1 
determines the short time constant (charging time) of the 
circuit. When a positive input signal is applied it causes 
CRI to conduct, and Cl is quickly charged to the input 
potential. Since the output is token from across Rl which is 
effectively short circuited by the conducting diode (for~ 


——— CHARGE PATH 
— ——® DISCHARGE PATH 


Negative Clamp 


ward resistance is only a few ohms), little or no output ap- 
pears for the positive portion of any applied signal. Dur- 
ing the negative portion of the input signal CR1 does not 
conduct (except for reverse leakage current) consequently 
the negative portion of the input signal appears as the out- 
put across Rl. This circuit acts to effectively shift the 
entire waveform in a negative direction by holding the posi- 
tive peak of the input signal to the zero level. Therefore 
the input waveform can only appear as a negative output. 
Thus the positive portion is effectively eliminated by the 
clamping diode. 

In the accompanying illustration the input waveform is 
shown as a square wave for ease of explanation. Likewise, 
the input waveform level is considered to vary from +2 to 
+10 volts. Such an input signal is typical of the waveform 
generated at the collector of an NPN transistor multivibra- 
tor (or an electron tube). Although a square wave is used 
in the following explanation of detailed circuit operation, 
any wave shape applied to the clamper input will be nega- 
tively clamped without appreciably changing the shape of 
the wave (provided the R1C1 time constant is long with re- 
spect to the pulse duration). 

Capacitor Cl is charged as indicated in the above illus- 
tration to a potential of +2 volts at the negative peak of the 
input waveform (to). At time ti, the input to the clamper 
circuit rises 8 volts toa +10 volts. Since capacitor Cl can- 
not change its charge immediately, the 8 volt change ap- 
pears across Rl andCR1, producing a positive spike on the 
output waveform. Since the anode of CR] is now 8 volts 
positive with respect to its cathode, CR1 conducts and 
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charges Cl to +10 volts. The charging of Cl occurs rapidly 
because of the low forward resistance of the diode, and the 
low forward resistance of the diode shunting Rl causes any 
output voltage appearing across Ri] to drop te zero during 
time t1 to tz. Simultaneously, the diode stops conducting, 
and capacitor Cl remains in its charged condition for the 
duration of the pulse. 

At te the input signal drops 8 volts (from +10 volts to 
+2 volts). Since C1 is charged to +10 volts and cannot 
discharge immediately through the long time constant cir- 
cuit created by Rl, this negative-going voltage appears 
across Rl as a negative 8 volt output. (CRI cannot con- 
duct because its anode is now negative with respect to its 
cathode.) Thus at point tz on the waveform, the input volt- 
age drops from +10 volts to +2 volts, and the output drops from 
zero to -8 volts. During the time interval between tz and 
ts, capacitor C1 discharges slightly (from 8 volts to 7 volts, 
for example) through the long time constant path of Rl. 

At point tg of the input waveform, the input signal again 
rises 8 volts (from +2 to +10). Once again the charge on 
Cl cannot change immedistely and the 8 volt positive 
change appears across Rl. Because of the assumed 1 volt 
discharge through R} between times t2 and tz, the 8 volt 
change now exceeds the capacitor charge voltage. There- 
fore, the output voltage overshoots the zero reference level 
and a positive (approximately 1 volt) signal appears across 
Rl and CRI. With the anode of CRI positive with relation 
to its cathode, the diode conducts momentarily to replace 
the slight loss of charge on Cl. Asa result, the output 
voltage quickly drops to zero and remains at zero level 
until the end of the pulse at time ta. 
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At time t,, the input signal again drops from +10 to +2 
volts. The 8 volt drop appears as a neqative output across 
Rl causing the output voltage to drop from zero to ~8 volts. 
Once again, C1 begins to discharge through the long time 
constant circuit as explained previously. 

The output waveform has been purposely drawn to show 
d substantidl decrease in voltage caused by the di rt 
of C) during the duration of the neqative peak of the GGG 
waveform (times t, to t, and t, to t.). In practice, nowever, 
the value of Rl is relatively large so that little distortion 
results from the discharging cf Cl or from its chasaing 
through CRI. The semiconductor diode, however, does 
have a much lower reverse resistance that of the el 
tube. Since this back resistance ts effectively oo 
in parallel with Rl, it jowers the overall output resistance 
ond reduces the value of the long time constant. 
MOre distortion iy produced by i 

Jomper than the tune ior. 
From the explanutior: ot cir 


cuit operation given above, 
it is seen that the positive extreme of the input waveform 
has been eld or clumpei to zero reference level, and that 


the entire waveform hus been shifted negatively with respect 
to this reference level. 


FAILURE ANALYSIS. 

General. Because of the extreme simplicity of the neqa- 
tive diode clamper circuit, there ore only a few possibilities 
of trouble. The capacitor, resistor, and diode can be check- 
ed for shorted cr open-circuited conditions with an on: 
meter. Circuit functionina, however, musi he checked with 
an oscilloscope to determine whether the waveform is cor- 
rect and the operation is normal. 

No Output. An open » 
signal, or u shorted or aataetive diode can cause a no-out- 
put indication. Use an oscilloscope to determine whether 
the proper inprit siqnal is present ands. 


across Ri. 
Low Output. A lecky or purtially shorted capacitor can 
cause other than normal output. Usually such a conditian 
will be indicated by a change in the d-c voltage mecsure? 
across Ri, assumina anormal input siqnal. A defe 
diode can also cause this condition, and ig usually in- 
aicated by ¢ much-iower-thon-nommal reverse resistance. 
Distortion, Normally there should be se distorti 
the output signal. Any distortion visible o 
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the positive portion of the input signal appears cs the out- 
put across Rl. This circuit acts to effectively shift the 
entire waveform in a positive direction by hol¢ing the 
negative peak of the input signal to the zero level. There- 
fore, the input waveform can only appear as a positive output. 
Thus the negative portion is effectively eliminated by the 
clamping diode. 


INPUT OUTPUT 


CHARGE PATH —————? 
DISCHARGE PATH — —— —> 


Positive Clamper 


In the following waveform illustration the input waveform 
is shown as a square wave for ease of explanation. Like- 
wise, the input waveform level is considered to vary from 
~2 to -10 volts. Such on input waveform is typical of the 
waveform generated at the collector of a PNP transistor 
multivibrator. Although a square wave is used in the follow- 
ing explanation of detailed circuit operation, any waveshape 
applied to the clamper input will be positively clamped 
without appreciably chonging the shape of the wave (pro- 
vided that the RI-Cl time constant is long with respect to 
the pulse duration). 

Capacitor C] is charged as indicated in the waveform 
illustration to a potential of -2 valts at the positive peak of 
the input waveform (t). At time t, the input to the clamper 
circuit drops 8 volts toa-10 volts. Since capacitor Cl can- 
not change its charge immediately the 8 volt chenae appears 
across R] and CRI producing a negative spike on the out- 
put waveform. Since the anode of CRI is now effectively 8 
volts positive with respect to its negative cathode, CR} 
conducts and charges Cl to -10 volts. The charging of Cl 
occurs rapidly because of the low forward resistance of the 
diode, and the low forward resistance of the diode shunting 
Rl causes any output voltage to drop to zero during time t, 
to tj. Simultaneously, the diode stops conducting, and 
capacitor Cl remains in its charged condition for the dura- 
tion of the pulse. 

At t, the input signal rises 8 volts (from -10 volts to -2 
volts). Since Cl is charged to -10 volts ané cernot dis- 
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charge immediately through the long time constant circuit 
created by Rl, this positive-aoing voltage appears across 
Rl as a positive 8 volt output. (CR! cannot conduct 
because its cathode is now positive with respect to its 
anode.) Thus at point t, on the waveform, the input voltaqe 
rises from -10 volts to -2 volts and the output rises from 
zero to +8 volts. Between pulses, during the time interval 
from t, to t,, capacitor Cl discharges slightly (say from -10 
volts to -9 volts) through the long time constant path of Rl. 

At point t, of the input waveform the input signal aqain 
falls 8 volts (from -2 volts to -10 volts). Once again the 
charge on Cl cannot change immediately and the 8 volt 
negative change appears across Al. Because of the pre- 
viously assumed discharge of 1-volt through Rl between 
time t, and t,, the 8 volt change now exceeds the capacitor 
charge voltage. Therefore, the output voltage overshoots 
the zero reference level, and a negative (approximately 1- 
volt) signal oppears across Rl and CRI. With the cathode 
of CR] negative with respect to its anode, the diode con- 
ducts momentarily and replaces the slight loss of charge on 
Cl. As result, the output voltage quickly drops to zero 
and remains at zero level until the end of tne pulse at time 
te 

At time t,, the input signal again increases from -10 to 
~2 volts. The 8 volts increase appears as a positive output 
across Ri causing the output voltage to rise from zera to +8 
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volts. Once again Cl begins to discharge through the long 
time constant circuit as explained previously, 

The output waveform has been purposely drawn to show 
a substantial decrease in voltage caused by the discharge 
of Cl during the duration of the positive peck of the wave 
form {times t te ty and t to ty). In practice, however, the 
value of K! t< relatively lore so that little distortion 
results from the discharging of C1 or from its charaing 
through CRI. The semiconductor diode, however, does 
have a much lower reverse resistance tha that of an elec- 
tron tube, Since this back resistance is effectively con- 
nected in paraliel with Rl, it lowers the overall output 
tesistance ant renames the yelue of the lona time constant. 
Therefore, s.ure distortion is produced hy the semiconductor 
dioge Clui.per tuan re toe aioce. 

From the 
itis seen t 
has been h 
that the entire waveform fas peen shifted positively eek 
Tespect to this reference level. 
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checked for snorted or Bie Ga Serpe with an 
ohmmeter. Circuit functioning, however, must be checked 
with an oscilloscope to determine whether the wavefomn is 
correct and the operation is normal. 
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appéars acro 
tow Output. A leaky or purtially shorted capacitor, Cl, 


con. @ause-ather than noma! outour., Useally. snck.o 


dition will be indicated by a change in the de voltage 
measured acros junormal input signal. A de- 
fective dioue can also cause this condition, and is usually 
indicatec by c much-lower-than-normal reverse resistance. 
Distortion. Normally, there 
the output ble on an oscillo- 
scope (with ¢ uency response hign enough for the pulse 
used) indicates % change in circuit time constants due to 
defective comprnen Hf 
chtunee checker 19 6 


ge 


A clon 
41, assi 


should be no distortion of 


i ti? CoGOL 
wcoult!! typoot capa- 


thor the.cnpaciter is leaky. 
thoam oh. 
(De cern fs eve tho prcper poiarity when checking he 
diode; ctherwise, an erroneous indication will be obtained.) 
Clamping level Changes. A chanse in the clamping 
level cout be crrised py a ee Ov diode, a leaky coupling 
SaBnNey, be nit pulse Ginplitude. As 
rs constant clamping wilt 
vor, the pulse 
> 16 pulse, the low ompl 


hake! 


Tre tt 


Rue pdt 


hed above, amplitude 


Pac GouOn SCCurs because the low 


tne zere level er drop be 


Hy nese 


CHANGE 2 


0967-000-0120 CLAMPERS 


lost in the discharging of capacitor Cl through the lona 
time constant circuit between pulses. Hence the following 
pulse will start at some point above the zero level. Tf 
excessive, it may he nos 
voltage across Rl. 

In the case of a leaky capacitor, the diode will conduct 


constantl e voltage (PMP collector polarity) 


applied to the cathode, or for the opposite case (NPN 
transistor) it will act as a biased type of clamp. This con- 
dition may be checked by making a voltage check with a 
VTVM connected across the output of the clamp. 


e to read a constant positive 


istant pos’ 


ly for a nega 


BIASED-NEGATIVE DIODE CLAMPER 


APPLICATION. 
The biased-negutive diode clamper is used in tran- 
sistorized equioment when it is desired to shift the ref- 


of 


gotive direction. 
This type of circuit is commonly used in radar, television, 
and computers. 


el 
ered signal ina 


CHARACTERISTICS, 

Establishes the d-c reference level of the waveform, 
but does not affect its amplitude. 

Uses a diode in conjunction with an RC 
cuit. 

Can clamp either extreme of the input waveform to the 
negative reference level, by reversing the diode. 

Reference level established by the amount of neaative 
bias used. 


coupling cir- 


CIRCUIT ANALYSIS. 
General. The bicsec negative diode clamper may be of 


either the positive or negative type, depending upon the 


telative connection of the diode with respect to the bias. 
TInd. all 


Under oll circumstances, 


the telerence level of the negati 


biased diode clamper will be at some negative value. If it 
is a negatively-biased positive diode clamper, the output 
waveiorm will start at this neqative value and extend in a 
positive direction. If it is a negatively-biased neqative 


‘eky- 


output wavefom will start at this 


negative referen evel, ond extend in 9 neqative direction. 
The circuit is comprised basically of a diode and an RC 
network. The diode acts as a switch, closing on onc half 
cycle to provide a very a, and 


rovide a tong we 


opening on the alternate halt 
constant which depends upon aresistor in ct 
junction with tne capacitor. ‘ihe overall result at the uti 
is ¢ reproduction of the input, but shifted to a new reference 
level. 

Circuit Operation, A typical fegats ively-biased neaative 

diode clam < 

Capacitor C1 and resister R] form an RO enunling ni 
work and determine the long time constant associated with 
the circuit. Diode CRI during the time of its conduction, 
together with Cl, determine the short time constant associ- 
ated with the circuit. The bias supply, Vcc, alters the 
reference level from zero 10. a level equal to the bigs. 


713 illustiated beh 
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INPUT OUTPUT 


Negatively-Biased Negative Diode Clamper 


When the circuit is initially eneraized and with no sia 
nal applied to the input, the diode besins conducting be- 
cause of the negative potential (Vcc) applied to the cathode. 
As CRI conducts, capacitor Cl beains charging, and when 
its charge is equal to VCC, the diode cuts off, since its 
anode and cathode potentials cre now equal. The voltage 
at the output is at this time equal to the bias voltage VCC, 
or ~1 volt. 

When a signal is applied, as illustrated, the following 
action occurs. At time t,, the voltage increases almost 
instantly from 0 volts to a +5 volts. (The voltages used 
here are only for ease of explanation). Capacitor C1 connot 
change its charge immediately (beccuse of the property of 
capacitors), and the anode of CR1 suddenly becomes more 
positive than its cethode ond begins conducting. Because 
Cl cannot immediately change its charge, the entire input 
voltaqe is developed across the diode, and the output, 
token from across the diode, increases 5 volts in a positive 
direction. Because it does not start at 0 volts, but at 9~1 
volt, as shown on the illustration, the output rises to +4 
volts. The conducting state of CR! provides a very st 


short 
time constant for the capecitcr, however, ond Cl rapidly 
charges to the new voltage, As Cl charges, the voltage 
drop across CR} decrea ond once again reaches -1 volt 
when C1 is fully charaec. 
The output remains at this voltcyje until the necative 
swing of the input siqnal at time t,. At this time the input 
swings from o +5 volts to a -S volts. Again, Cl cannot 
immediately change its charge, but this time the diode 
cannot conduct, because its anode is negative with respect 
to its cathode. The entire input voltcge is therefore de- 
veloped across Rl, and the output voltage changes 10 
volts in a neqative direction from the —!-volt reference 
Jevel, or to ~11 volts. Because the diode is not conductina, 
Rl provides a long time constant for Cl and the capacitor 
begins charging very slowly to the -5 volts of the input 
signal. The capacitor charaes very slowly because of the 
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long RC time constant, and when the input signal reaches 
ty, the total output has only decreased to, for example, 

from -11] to -10.5 volts (the capacitor has charaed to .5 
volt). At time t,, the input acain rises to +5 volts, bringing 
CRI into conduction. This sudden +10 volt rise also pro- 
duces a +10 volt increase in the output. Since the total 
output is 10.5 volts at this time, a +10 volt increase 

brings it up to —.5 volts, which accounts for the smal] 
positive-qoing peok at t, in the output waveform. Because 
of the short RC time provided by CR], the capacitor quickly 
charges aqain to -1 volt elimincting the peak, and the out- 
put remains a ~-1] volt until time {, when the cycle again 
Tepeats. 

By reversing the diode, the circuit can be converted 
into a neqatively-biased, positive diode clamper. The 
difference at the output then will be that the entire output 
waveform will be clamped above the negative bias voltage, 
instead of helow it as in the neqctive clamper. 

Because the reverse resistance of a semiconductor 
diode is lower than that of an electron tube, the type of 
diode used is selected to have a very high reverse resis- 
tance. This is necessary to keep the shunting effect of 
the reverse resistance to a minimum, 


FAILURE ANALYSIS. 

No Output. The absence of an input sianal, or an open 
Clare the only probable causes of a no-output condition. 
Check for the presence of the input signal with an oscil- 
loscope. If siqnol is not present, the fault lies in a pre 
ceding stage, and the clomper is probably not defective, 

If a signal is present, check C1 with an in-circuit capacitor 
checker. There is also the possibility that two components 
such as CR] and Vcc, or Hl and Vcc, are both shorted at 
the same time, thus producing a short circuit across the 
output. Check the bias supply with a hiqh resistance 
voltmeter for proper voltage, and 81 and CR] with an 
obmmeter. Care should be used in checking the diode, as 
erroneous indications may be obtained by not observing 
proper polarities. For the special case where the diode 

is not completely shorted, but reads a very low resistance 
of, say 2000-ohms or less, it can be considered to be de- 
fective. 

Low or Distorted Output. A partially shorted CRI, a 
leaky Cl, or Ri decreasing in value can cause a low output 
condition to exist. Actually, the output will not be low 
without being distorted, nor will it be distorted without 
being low. Check C1 with on in-circuit capacitor checker, 
and Rl and CR1 with on ohmmeter. Core should be used 
in checking the diode, as erroneous indications may be 
obtained by not observing proper polarities. For the case 
where the diode is not completely shorted, but reads a very 
low resistance of, say 2000-ohms or less, it can be con- 
sidered to be defective. 

Change in Clamping Level. A chance in the bias supply 
voltage, Vcc, will couse the output clamping level to 
change. Check for the proper value of voltage with a 
high resistance voltmeter. 
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BIASED-POSITIVE DIODE CLAMPER. 


APPLICATION. 

The biased-positive diode clamper is used ir tr 
torized equipment when it is desired to shift the reference 
level of the applied signal in ¢ negative direction. Th: 
type of circuit is commonly used in radar, televis: 
computers. 


CHARACTERISTICS. 
Establishes the d-c reference level of the wovef 
but does affect its omplitu 
Uses a diode in conjunction 
circuit. 
Cun clamp either extreme ot the input waveform to the 
positive reference level, by reversin: the 
Heference level established by the amount of positive 
bias used. 


hoon BT poupling 


CIRCUIT ANALYSIS. 

General. The biased positive diode clamper may be of 
either the positive or neqative type, depending spon the 
telative connection of the diode with respect to the bias. 
Under all circumstances, the reference level of the 
positively-biased diode clumper will be at some positive 
value. If it is o positively-biased positive diode clomoer, 
the output waveform will start at this positive value and 
extend in a positive direction. If it is a positively-biased 
negative diode clamper, the output waveform will start at 
this positive reterence level, and extend in o regst 
direction. The circuit is comprised bas ically ofe @ 
on RC network. The diode acts os Hl 
half cycle to provide o very short RC time for the capaci- 
tor, and opening on the alternate half cycles, to provide a 
long time constant which depends upon the size of ¢ resister 
in conjunction with the capacitor, : 
ouipui is a reproduction of the input, but shift 
erence level. 

Circuit Operation, A typical nositively-hiased 
positive diode clamper is illustrated below. 
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Capacitor Cl and resistor Ri form an RC coupling net- 
work ond determine the Jong time constant associcted 
with the circuit. Diode CRi, during the time of its con- 
duction, together with C1, determine the short time constant 
associated with the circuit. The bias supply, VCC, alters 
the tefeience level from zero 10 9 evel equal to the bias, 

hen the circuit is initially energized and with no 
signal applied to the input, the diode begins conducting 
because of the positive potential (VCC) applied to the 
anode. As CR1 conducts, capacitor Cl begins chargina, 
and when its charge is equal tc VOC, the diode cuts off, 
since its anode and cathode potentials are now equal. The 
voltage at the output is at this time equal to the bias 
voltage VOT, or tivels. 

When a signal is opplied, as illustrated, the following 
action urs. At time t,, the input voltage increases 
tantly from 0 volts to a-S volts. ‘The voltanes 
used here are only for ease of explanation). Capacitor Cl 
cannot change its charae immediately {because of the 
property of capacitors), and the anode of CR] suddenly 
becomes more positive than its cathode and begins con 
ducting. Because Cl cannot immediately channe its 
charge, the entire input voltage is developed across the 
diode, and the outout, taken from acenss th: 
creases 5 volts in a negative direction. Because it does 
not start at U volts, but at the bias level of +1 volt, as 
shown on the illustration, the cutput decreases to only a 
negative 4 volts. The conducting state of CRi provides a 
very short for the capucilur, however, and 
Ci rapidiy yes to tre new voltage. As Ci charges, the 
voltage drop across TH] decreases, and once again reaches 
¥i volt when < iully charged. 

The output remains at this voltage until the positive 
swing of the inpi.t sinnal at time t,. At this time the input 
swings from co -5 volts to a+S volts. Aqain, [} cannot 
immediately change its charac, but this time the diude 
cannot conduct, sbeemuss its anode is negative with respect 
to its cathode, nput voltage is, therefore, 
developed acto Ri, stad tne output voltage changes 5 
volts in ¢ pecitive direction from the +] volt reference 
Jevel, or to +6 volts. ause the diode is not conducting, 
Pl provides u iung lime constant ior i and the capacitor 
begins charging very siowly to the +5 volts of the input 
signai. The capacitor charses ver, slowly because of 

the input siqnal 


almost 


RC ume constant, and ¥ 


+d, FUL exar 


tor Charged te 
rain changes to -S volts, 
~ sadden change to -2 
at the output. Since the total 
Vt change brings 


eé input a 


3 voirs 


f é small negative 
yuing peuk ot t, In the output waveform. Because of the 

3 time proviced by CK 4, the capacitor quickly 
again to +i volt, eliminatina the peak ond the out- 
rains at +) valt one}: ta. when the cycle aqain 
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By reversing the diode, the circuit can be converted 
into a positively biased, negative diode clamper. The dif- 
ference at the output then will be that the entire output 
waveform will be clamped above the positive bics voltage, 
instead af below it as in the neqative clamper. 

Because the reverse resistance of a semiconductor diode 
is lower than that of an electron tube, the type of diode 
used is selected to have a very high reverse resistance. 
This is necessary to keep the shunting effect of the reverse 
resistance to a minimum. 


FAILURE ANALYSIS. 

No Output. The absence of an input signal, or an 
open Cl are the only probable couses of a no-cutcut con- 
dition. Check for the presence of the input siqnel with an 
oscilloscope. If the signal is not present, the foult lies in 


@ preceding stage, and the clamper is probably not defective. 


If a signal is present, check C1 with an in-circuit capacitor 
checker. There is also the possibility that to components 
such as CRl and Vcc, or Rl and Vcc, are both shorted at 
the same time, thus producing a short circuit ccross the 
output. Check the bias supply with a high resistance 
voltmeter for proper voltage, and Rl and CR] with an 
ohmmeter. Care should be used in checking the diode, as 
erroneous indicctions may be obtained by not observing 
proper polarities. For the special case where the diode is 
not completely shorted, but reads a very low resistance, of 
say 2000 ohms or less, it can be considered defective. 

Low or Distorted Output. A partially shorted CRI, 
a leaky Cl, or Rl decreasing in value cancause a low 
output condition to exist. Actually, the output will not be 
low without being distorted nor wil] it be distorted without 
being low. Check Cl with on in-circuit capacitor checker, 
and Rl and CR! with an ohmmeter. Core should be used 
in checking the diode, as erroneous indications may be 
obtained by not observing proper polarities. For the case 
where the diode is not completely shorted, but recds a very 
low resistance of, say 2000 ohms or less, it can be con- 
sidered defective. 

Change in Clomping Level. A change in the bics sup 
ply voltage, Vcc, will couse the output clemping level 
to change. Check for the proper value of voltege with « 
high resistance voltmeter. 


TRIODE, BASIC COMMON- BASE CLAMPER. 
APPLICATION. 


The basic common-base triode clamper maintains be- 
tween specific voltage levels the maximum positive anc 
negative voltages developed at the collector of tre tran- 
sistor used in the clamping circuit. This circuit is usually 
used as a switching amplifier to maintcin a constant output 
pulse amplitude. 


CHARACTERISTICS. 
Common base transistor configuration crovides an 
output with no current amplification and no phase inversion. 
Collector voltage is clamped, not the output voltace. 
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Two diodes provides clamping action. 
Diode bias potentials establish minimum and maximum 
clamping levels. 


CIRCUIT ANALYSIS. 

General. The clamping action to be discussed occurs 
in the collector circuit of the common base connected 
transistor. Normally, the signal voltage in coniunction with 
the series combination of the collector lecd resistor and 
the collector supply voltage develops a certain collector 
voltage. If the input signal varies above some level, tiow- 
ever, one of two diodes becins conducting. These diodes 
are connected in parallel with each other and with the col- 
lector supply and load. The conduction of the ciode moin- 
tains or clamps the collector voltage at the bias value. 

Tf the siqnal varies below some level in the oppesite direc- 
tion the other diode conducts, causing tre collecter voltage 
to be maintained or clamped at another lower veitaze level. 
During the time that the signal is between clamping levels, 
the collector voltage varies in accerdunce with the input 
signal voltage variation. 

Circuit Operation. The circuit of the triode, basic 
common-base clamper used in this application is shown in 
the accompanying illustretion. 


Triode, Basic Common Base Clamper 


The input signal voltage, as illustrated, is a square- 
wave pulse type signal which may vary from maximum to 
minimum amplitudes. It is applied to the emitter of tran- 
sistor Q], connected in a common base confiouration. The 
collector voltage variation corresponds to the input voltage 
variation and is developed across the collector load re 
sistor, Rl, by the collector supply voltage Vccs. Diode 
CRI and its base voltage VCR, establish a negative clamp- 
ing level, below which the collector voltage cannot go. 
Diode CR2 and the bias voltage VCR, establish a positive 
clamping level above which the collector voltage cannot 
go. 
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The input signal applied to the emitter of Qlis ampli- 
fied and in-phase when it appears as the output voltage at 
the collector of C1. If the output voltage developed at the 
collector of Cl is between the voltage limits of VCR, and 
Ver, the diodes cannot conduct. The collector voltage 
varies in accordance with, VCC# minus the output voltage 
developed ocross Ki (VR,), which depends upon the col- 
lector current. Once the input signal varies enough to 
cause the positive collector voltage swing to exceed the 
value of VCR, (assumed to be -2 volts), diode CR2 conducts 
because the anode is criven positive and forward-biases the 
diode. The collector voltage is then maintained at the 
value of VOX, unt the siqnal voltage drops to a point at 
which the positive collector valtaqe swine hecames lece 
than the vultuge Vion,, at which me URZ becomes reverse 
biased, stops contucting, and the collector voltage is 
again dependent cn YoCu minus VR. 

Ifthe input sicnal varies enemas in the opsosite 
{negative} direction to cause the collector voltage to 
become the same as, or more neqative than the value VCR, 
{assumed to be 8 volts) diode CR1 is forward-biased and 
conducts, The collector voltage is then maintained at the 
value of Yor, until the signal voltage increases to a value 
where the collector voltage becomes more positive than 
the voltage Vor,, at which time diode CR J is reverse 
biased, stops conducting, and the collector voltage is again 
dependent on VCC8 minus VR,. 

By clamping bothi the positive and negative levels, 
the transistor is prevented from saturating and causing 
hole storage effects whict. would increase the pulse Jennth, 
or from being driven to cutoff when the input is in the 
other direction, It also has the advantage of not requirina 
special selection of transistors ot the time of replacement, 
since the operating limits are made such that ony transistor 
of the same type will operate satisfactorily in this circuit. 
This circuit is not used with sinewave inputs except 


where clipping eff Jesired. 


FAILURE ANALYSIS. 
No-Output. A no-output condition may prevail due to 

any of the following defects: no input sianal present 

at the emitter of G1, ar oper or ed collector supply 

voltage ¥ , an oper collector load resistor, Ri, or a 

defective transistor, QI. 

The location of the cause of the no-outr 


SEMGE 
5 auvelimerer, 

If the cullecter supply volt s present cl resistor R] 
HouLetct. VP GH CULer possimiites have been 
checked and a no-output condition still exists, transistor 
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pres: 
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considered defective, 


Low or Distorted Output. S corsdition may be due to 
a taulty input siaral. Tf theinpnit si ‘ound te be cor- 
Tect by an oscillcscope the law ot distorted output com 
dition may be due to any ef the follo’ conditions: 
sky upply voltage V 


worted of open 


bb 
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diodes CR] or CR2; or a load resistence (Rl) which is not 

the proper resistance value; or o defective transistor, Ql. 
To determine which of the pocsible causes of the low 

or distorted output condition is responsible: first, check 

the voltage values Vcc, 


y and Vor, with o high ree 
sistance voltmeter. Tf any nf thes 


is. incorrect 


adjust the particular voltage per value, 

If these voltages are correct, check diodes CRI] and CR2 
with an ohmmeter. If the diodes are good, the ohmmeter 
will read zero resistance when placed across the diode in 
a forward direction, and will read infinite resistance or a 
very high resistance when placed across the diode in the 
teverse direction. If the diodes are good, check resistor 
Rl with an ohmmeter. [full ul the preceding items nave 
been checked and found satisfactory, transistor Q1 must be 
the faultv component. 
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